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Display Enclosure Having Thin Sp ak r 

Field of the Invention 
[0001] The present invention relates to a liquid crystal display 
(LCD) display that uses part of the LCD display enclosure as part of a thin 
speaker. 

Background of the Invention 

[0002] LCD displays are commonly used today in devices that 
require information to be displayed in human-perceptible fomi. LCD displays 
are typically comprised of an enclosure, a LCD module, backlights and 
supporting electronics. Since LCD displays use thin depth LCD modules to 
display information as opposed to larger-in-<lepth cathode ray tube (CRT) 
displays for similar sized screens, LCD displays are often used in devices that 
have packaging and/or space constraints. Unlike LCD displays, the tube in a 
CRT display increases substantially in depth as the screen size increases. 

[0003] Electronic devices, such as fuel dispensers and 
automatic teller machines (ATM) for example, use displays to deliver 
information to users of these devices. Such information may be instructions 
on how to use the machine. It may also be desirable for these displays to be 
associated with a speaker or other audio output device to give audio feedback 
that con^elates to the infomiation being delivered on the display. For example, 
an advertisement with sound could be directed to a person standing in front of 
the LCD display, or instmctions on how to interact with the LCD display could 
be given in audio sound. 
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[0004] One advantage of using a LCD display is that the LCD 
module used in the display is thin in depth thereby allowing the LCD display to 
be thin in depth as well. A LCD display is usually placed in an enclosure that 
must be large enough to hold all of the components of the LCD display, 
including the LCD module. It is advantageous to make the LCD display and 
its components take up as little space as possible so that a smaller enclosure 
may be used for packaging, aesthetics, and cost factors. A larger enclosure 
is likely to cost more than a smaller enclosure due to the extra material 
needed to construct a larger enclosure. 

[0005] However, certain desired components of the LCD display 
may defeat the advantage of using a thin depth LCD module. For example, a 
speaker provided in the LCD display may include a cone that moves air to 
generate sound. Speaker cones can be large in depth thereby requiring the 
enclosure to be larger in size than would otherwise be needed had a speaker 
not been included in the LCD display. Further, if the enclosure is 
environmentally-sealed, such as a display enclosure commonly used for 
outdoor environments, a cone speaker cannot be used in the enclosure since 
a cone speaker requires an air leak in the enclosure to properly emit sound. 
A piezoelectric speaker does not require an air leak In the enclosure, but may 
require extra amplifiers that add to the cost of the LCD display. These 
additional amplifiers may also increase the ambient air temperature inside the 
enclosure, which can cause other problems as discussed in co-pending 

patent Application No. / entitled "Thermal management for a 

thin environmentally-sealed LCD display enclosure," filed on April 23, 2001. 
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[0006] Therefore, a need exists to provide a thin LCD display 
enclosure that includes a speaker that: (1) is thin so that the size of the 
enclosure does not have to be increased to accommodate the speaker; and 
(2) does not increase of the temperature of the ambient air inside the LCD 
display enclosure in a significant way. 

Summary of the Invention 

[0007] The present invention relates to a LCD display that has a 
thin depth enclosure and includes a thin speaker so that the depth of the 
enclosure does not have to be increased to accommodate the speaker. The 
speaker is used to generate audio output that may correlate to the graphical 
information displayed on the LCD display. 

[0008] In one embodiment, a magnetic driver is attached to a 
lens placed into an opening in a rigid enclosure for the LCD display. The 
magnetic driver moves the lens inward and outward to generate sound. The 
lens may be transparent if required for viewing of the LCD module in the LCD 
display. 

[0009] In another embodiment, the lens is not attached to the 
rigid enclosure. The lens is constructed to fit totally inside the opening. A 
membrane or semi-rigid surface is placed on the outside of the rigid enclosure 
and attached to both the rigid enclosure and the lens for greater speaker 
performance. 

[0010] In another embodiment, the mounting bracket ttiat holds 
the magnetic driver and attaches the magnetic driver to the lens is also 
attached to the lens. In this manner, the lens has an increased inflection 
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when the magnetic driver pushes the lens inward and outward for greater 
speaker performance. 

[0011] The LCD display may be placed in any type of electronic 
device, including but not limited to a kiosk, a fuel dispenser, a personal 
computer, an elevator display, and an automated teller machine (ATM). The 
LCD display may display infomiation and other instructions to a user of an 
electronic device incorporating the LCD display. If the LCD display has a 
touch screen, the LCD display may also act as an input device. 

[0012] Those skilled in the art will appreciate the scope of the 
present invention and realize additional aspects thereof after reading the 
following detailed description of the preferred embodiments in association with 
the accompanying drawing figures. 

Brief Description of the Drawings 
[0013] The accompanying drawing figures incorporated in and 
forming a part of this specification illustrate several aspects of the invention, 
and together with the description serve to explain the principles of the 
invention. 

[0014] Figure 1 is a schematic diagram of the front view of a 
LCD display including the thin speaker according to the present invention; 

[0015] Figure 2 is a schematic diagram of the rear view of a LCD 
display including the thin speaker according to the present invention; 

[0016] Figure 3 is a schematic diagram of one speaker driver 
embodiment in the prior art that may be used with the present invention; 
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[0017] Figure 4 is a schematic diagram of a kiosk that includes 
the LCD display and thin speaker according to one embodiment of the present 
invention; 

[0018] Figure 5 is a schematic diagram of one embodiment of 
the LCD display electronics architecture; and 

[0019] Figure 6 is a schematic diagram of a fuel dispenser that 
includes the LCD display and thin speaker according to one embodiment of 
the present invention. 

Detailed Description of the Preferred Embodiments 
[0020] The present invention relates to a LCD display that has a 
thin depth enclosure and includes a thin speaker so that the depth of the 
enclosure does not have to be increased to accommodate the speaker. The 
speaker is used to generate audio output that may correlate to the graphical 
information displayed on the LCD display. 

[0021] Figure 1 illustrates a LCD display 10 according to the 
present invention. The LCD display 10 includes a thin speaker 11 so that^ 
audio output can be generated by the LCD display 10. The LCD display 10 
comprises a rigid enclosure 12 that is constructed out of any suitable rigid 
material for protection of the intemal LCD display 10 components, including, 
but not limited to, sheet metal, aluminum, and copper. The rigid enclosure 12 
includes an opening 13 in front of the rigid enclosure 12 so that a LCD module 
24 placed inside the LCD display 10 can be viewed externally. In this 
embodiment, the depth of the rigid enclosure 12 is less than or equal to 35 
millimeters. 
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[0022] A lens 14 is placed in the opening 13 so that the opening 
13 in the enclosure 12 is filled and thus sealed fronri the environment. The 
lens 14 is resilient and attached to the edges on the opening 13 on the rigid 
enclosure 12 to form a seal. However, the lens 14 may be smaller in 
dimension than the opening 13 if another surface is placed over the opening 
13 on the outside of the rigid enclosure 13 that attaches to both the rigid 
enclosure 12 and the lens 14. If the LCD module 24 inside the rigid enclosure 
12 is to still be viewable, the lens 14 must include at least a transparent 
portion. In the present embodiment, the lens 14 is completely transparent and 
is constructed out of a material known as Texan." However, the lens 14 may 
be constructed out of any material, whether transparent or not, including, but 
not limited to, plastic, glass, and Plexiglas. 

[0023] The thin speaker 1 1 is accomplished by vibrating a planar 
surfece in the LCD display 10 inward and outward to generate sound. The 
rigid enclosure 12 is constructed out of a rigid material that may not be easily 
moveable inward and outward to create sound thereby making for a poor 
planar surface. At the same time, the rigid enclosure 12 must not include 
substantial openings to air that compromise the internal components of the 
LCD display, such as intrusion by environmental elements. Since the rigid 
enclosure 12 must provide a lens 14 in the opening 13 for viewing of the LCD 
module 24, a lens 14 may be selected that is less rigid than the rigid 
enclosure 12 or semi-rigid so that the lens 14 may be driven inwardly and 
outwardly more easily that the rigid enclosure 12 to act as the planar surface 
to generate sound. 
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[0024] A magnetic driver 16 is included in the LCD display 10 
that is driven by a voltage signal to move the lens 14. The magnetic driver 16 
includes a diaphragm 38 (illustrated in Figure 3) that is attached to the lens 
18. The magnetic driver 16 moves the diaphragm 38 inward and outward in 
response to a voltage signal placed onto a coil (not shown) in the magnetic 
driver 16 to generate sound. The magnetic driver 16 is mounted onto a 
mounting bracket 18 so that the magnetic driver 16 is held in place securely 
inside the LCD display 10. The mounting bracket 18 has a left end 20 and a 
right end 22, as viewed from inside the enclosure 12, and the magnetic driver 
16 is mounted in between the left end 20 and the right end 22. 

[0025] . For improved performance, the lens 14 may be 
constructed to a dimension so that it fits inside the opening 13 of the rigid 
enclosure 12 without attaching directly to the rigid enclosure 12. A semi-rigid 
surface 26 may be on the outside of the rigid enclosure 12 that is larger in 
dimension than both the lens 14 and the opening 13. The semi-rigid surface 
26 attaches to both the rigid enclosure 12 and to the lens 14 so that a smalt 
gap exists around the edges of the lens 14 and between the edge of the lens 
14 and the opening 13 when viewed from inside the rigid enclosure 12. The 
semi-rigid surface 26 may be constructed out of any semi-rigid material. The 
semi-rigid surface 26 must include a transparent portion that aligns with a 
transparent portion of the lens 14 if the LCD module is to be viewable through 
both the lens 14 and the semi-rigid surface 26. 

[0026] Inclusion of the semi-rigid surface 26 on the outside of 
the rigid enclosure 12, as discussed in the preceding paragraph, allows the 
lens 14 and magnetic driver 16 to float like a drumhead resulting in greater 
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audio output efficiency. The semi-rigid surface 26 allows the lens 14 to move 
inward and outward in greater distances and with less energy exerted by the 
magnetic driver 16 on the lens 14. However, as previously discussed, the 
lens 14 can still act as an effective planar surface to be driven by the 
magnetic driver 16 to generate sound even if the lens 14 covers the entire 
dimensions of the opening 13 and is attached to the rigid surface 12. 

[0027] One type of semi-rigid surface 26 that may be used with 
the present invention is a membrane 26. A membrane 26 is a semi-rigid and 
resilient surface that includes thin buttons or keys as input devices. The 
membrane 26 includes thin electrical wiring connections to couple the input 
devices to another source. The membrane 26 may also include an adhesive 
(not shown) that allows the entire surface of the membrane 26 to be attached 
to the rigid enclosure 12 and lens 14. In the embodiment illustrated in Figure 
1, the membrane 26 includes soft keys 28 that are aligned with portions of the 
LCD module 24 so that a person can enter selections on the soft keys 28 that 
correlate to selection choices displayed on the LCD module 24. 

[0028] Another aspect of the present invention that allows the 
thin speaker 12 to operate with greater efficiency is the placement of 
mounting bracket 18 that mounts the magnetic driver 16 to the lens 14. As 
illustrated in Figure 1, the mounting bracket 18 is also attached to the tens 14. 
This allows the lens 14 to more fully bend inward and outward with shaper 
inflection points during bending. When the magnetic driver 16 pushes 
outward on the lens 14rtiie pressure exerted by the magnetic driver 16 
outward causes the ends 20, 22 of the mounting bracket 18 to inflect inward 
thereby causing ttie curvature of the lens 14 to have a greater inflection. 
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Similarly, when the magnetic driver 16 pushes inward on the lens 14, the pull 
by the magnetic driver 16 inward on the lens 14 causes the ends 20, 22 of the 
mounting bracket 18 to inflect outward thereby causing the curvature of the 
lens 14 to have a greater inflection as well. However, the mounting bracket 
18 may be mounted in another location than on the lens 14 for the thin 
speaker 11 to operate property so long as the magnetic driver 16 is attached 
to the lens 14. 

[0029] Figure 2 Illustrates the rear view of the LCD display 1 0 
and thin speaker 11. The rigid enclosure 12 is comprised of two portions, a 
front portion 15 and a back portion (not shown). The back portion of the rigid 
enclosure 12 is designed to have a slightly less dimensional size than the 
front portion 15 so that the back portion can be placed inside the front portion 
of the rigid enclosure 12 to complete the enclosure 12. Fasteners 30 are 
provided at the inside comers of the front portion 15 and the back portion 
contains female fittings aligned with the fasteners 30 so that the front portion 
15 and the back portion may be securely attached to each other. 

[0030] Figure 3 illustrates one type of magnetic driver 16 known 
in the prior art that is manufactured by Kodel Corporation. The magnetic 
driver 16 comprises a diaphragm 38 that moves inward and outward in 
relation to a voltage signal applied to a magnetic coil (not shown) in the 
magnetic consistency driver 16. A driver contact surface 40 is connected to 
the outside of the diaphragm 38 and is connected to the lens 14 so that the 
lens 14 is moved inward and outward as the diagram 38 is moved inward and 
outward by the magnetic driver 16. It is readily known to one of ordinary skill 
in the art that magnetic drivers 16 are common and can be readily 
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interchanged with one another, and the present invention is not limited to a 
particular type of magnetic driver 16 to drive the lens 14 to provide the thin 
speaker 11. 

[0031] Figure 4 Illustrates one embodiment of a device that 
incorporates the LCD display 10 known as a "kiosk" 42. A kiosk 42 is any 
type of interactive electronic device that provides an input device, an output 
device, or both. Kiosks 42 are typically used in retail environments to sell 
products and/or sen/ices to customers. Some common types of kiosk 42 
include vending machines, fuel dispensers, automatic teller machines (ATM), 
and the like. Figure 4 illustrates one example of a kiosk 42 that includes the 
LCD display 10 and thin speaker 11 illustrated in Figure 1 as output devices 
for displaying infonnation. Soft keys 28 are located on each side of the LCD 
display 10 as an input device for customer selections; however, an input 
device may also take others fomns, such as a keypad 44, touch screen keys 
on the LCD display 10 (not shown), card entry device, magnetic or optically 
encoded cards, voice recognition, or the like, 

[0032] The LCD display 10 and thin speaker 1 1 of the present 
invention is suited for kiosks 42 that are located in outdoor environments 
where the rigid enclosure 12 of the LCD display 10 is environmentally-sealed. 
However, the LCD display 10 may be placed in any type of kiosk 42 
regardless of whether the kiosk 42 is placed in an outdoor environment. 

[0033] Figure 5 illustrates one embodiment of a communication 
architecture used for the LCD display 10. The LCD display 10 comprises a 
display CPU board 46 that contains electronics and software. In this 
particular embodiment, the display CPU board 46 contains a single display 
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microprocessor 48 and display software 50. The display software 50 
contains both volatile memory 52, such as RAM and/or flash memory, and 
non-volatile memory 54, such as EPROM and/or EEPROM. The display 
software 50 contains program instructions for the display microprocessor 48 
and may also contain infomriatlon to be displayed on the LCD module 24. The 
display microprocessor 48 may also manage information received from 
external sources and control the operation of the LCD module 24. The 
display microprocessor 48 also controls the magnetic driver 16 in the thin 
speaker 11 to drive the semi-rigid lens 16 in the LCD display 10 to produce 
sound. 

[0034] In this embodiment, information is communicated from 
one or more external devices to the display microprocessor 48 to then be 
displayed on the LCD module 24. A control system 56 is provided as the 
interface to the display microprocessor 48. The control system 56 may be 
coupled to more than one display microprocessor 42 for managing multiple 
LCD modules 24. 

[0035] The main controller 50 may also be connected to a site 
controller or local server 62 located in close proximity to the LCD display 10 
that sends information to be displayed on the LCD module 24. The local 
server 62 may be a point-of-sale system, for example. A remote server 58, 
located remotely from the LCD display 10, may also be provided to send 
information to the LCD module 24. The remote server 58 may send 
information. over a network 60 directly to the display microprocessor 48. 
through the control system 50, and/or through the local server 62 to be 
eventually displayed on the LCD module 24. The remote server 58, the local 
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server 62, the control system 50. and the display microprocessor 48 may be 
coupled each other through either a wired or wireless connection or network 
60 using any type of communication technology, including but not limited to 
the Internet, serial or parallel bus communication, radio-frequency 
communication, optical communication, etc. 

[0036] Examples of Internet information management that may 
be used with the present invention to send information to a LCD display 10 
and/or communicate infonmation entered into a LCD display 10 having a touch 
screen or other electronic device incorporating an LCD display 10 are 
disclosed in U.S. Patent Nos. 6,052,629 and 6,176,421 entitled "Internet 
capable browser dispenser architecture" and "Fuel dispenser architecture 
having server" respectively, both of which are incorporated herein by 
reference in their entirety. 

[0037] Figure 6 illustrates another exemplary outdoor device 
known as a "fuel dispenser" 64 that may incorporate the LCD display 10 of the 
present invention. A fuel dispenser 64 may also be considered a type of kiosk 
42 depending on its configuration and features. The illustrated fuel dispenser 
64 contains a LCD display 10 for providing instructions and/or information to a 
customer at the fuel dispenser 64. The fuel dispenser 64 is comprised of a 
housing 65 and at least one energy-dispensing outlet, such as a hose 70 and 
nozzle 68 combination, to deliver fuel to a vehicle (not shown). The fuel 
dispenser 64 may have other input and/or output devices for interaction with a 
customer, such as transaction total displays 72, octane selection buttons 74. 
soft keys 75 for a main display 80, unrelated to the LCD display 10 from a 
hardware standpoint, a card reader 76, and a receipt printer 78. 
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[0038] The LCD display 10 is placed external to the fuel 
dispenser 64 and is attached to the fuel dispenser 64 using an ami 82. More 
infomiation on methods of attaching an external LCD display 10 to a fuel 

dispenser 64 is described in co-pending Application No, / 

entitled "Add-on display for fuel dispenser." filed on April 23, 2001 and 
incorporated herein by reference in its entirety. 

[0039] Certain modifications and improvements will occur to 
those skilled in the art upon a reading of the foregoing description. It should 
be understood that the present invention is not limited to any particular type of 
component in the LCD display 10 including, but not limited to, the rigid 
enclosure 12, lens 14, magnetic driver 16, mounting bracket 18, LCD module 
24, and semi-rigid surfoce 26. Additionally, the LCD display 10 with the thin 
speaker 1 1 may be used in any type of device having or using a display, 
including but not limited, to a personal computer, a kiosk 42, an elevator, an 
ATM, and a fuel dispenser 64. Also for the purposes of this application, 
couple, coupled, or coupling is defined as either a direct connection or a 
reactive coupling. Reactive coupling is defined as either capacitive or 
inductive coupling. 

[0040] The embodiments discussed above represent the 
necessary infomiation to enable those skilled in the art to practice the 
invention and illustrate the best mode of practicing the invention. Upon 
reading the prior description in light of the accompanying drawing figures, 
those skilled in the art will understand the concepts of the invention and will 
recognize applications of these concepts not particulariy addressed herein. It 
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should be understood that these concepts and applications fall within the 
scope of the disclosure and the accompanying claims. 

[0041] Those skilled in the art will recognize improvements and 
modifications to the preferred embodiments of the present invention. All such 
5 improvements and modifications are considered within the scope of the 
concepts disclosed herein and the claims that follow and their equivalents. 



